The fact that certain proteins, such as those of blood serum, when introduced into the body will persist in the circulation for considerable periods is well known. It is also true that in certain individuals precipitin will appear in the blood before the antigen has dlsappeared. Thus the paradox of antigen and antibody occurring in the blood at the same time is frequently encountered. Several explanations of this phenomenon have been offered. Some have favored the view that an excess of colloid will inhibit the combination of antibody and antigen. Others have pointed out that such substances as egg white and serum are composed of several proteins and that the precipitln which appears in the blood may really be due to a single antigen which has been exhausted during the production of the antibody. The resulting antibody would react with a portion of the complex antigen and the remaining proteins would still be capable of reacting with the complex precipitin.
The fact that certain proteins, such as those of blood serum, when introduced into the body will persist in the circulation for considerable periods is well known. It is also true that in certain individuals precipitin will appear in the blood before the antigen has dlsappeared. Thus the paradox of antigen and antibody occurring in the blood at the same time is frequently encountered. Several explanations of this phenomenon have been offered. Some have favored the view that an excess of colloid will inhibit the combination of antibody and antigen. Others have pointed out that such substances as egg white and serum are composed of several proteins and that the precipitln which appears in the blood may really be due to a single antigen which has been exhausted during the production of the antibody. The resulting antibody would react with a portion of the complex antigen and the remaining proteins would still be capable of reacting with the complex precipitin.
During the last few years the view that the paradox is explicable on the basis of multiple antigens has come into considerable prominence although in the main relatively few experiments have been reported to support this view. Those of Bayne-Jones 1 cannot be said to do so. He was able to show that rabbits immunized with crystallized egg albumen, or edestin, until their serum contained precipitin in considerable concentration would on reinjection of the specific antigen contain both antigen and antibody for a period of 48 hours. He further brought out the fact that in vitro much the same phenomenon was observed when antigen and antibody were mixed and the resulting precipitin centrifuged out. The supernatant fluid contained both antibody and antigen. Previously, however, R. Well's ~ experiment indicated that this phenomenon held true only when multiple 1 Bayne-Jones, S., J. Exp. Med., 1917 , xxv, 837. 2 Well, R., J. Immunol., 1916 antigens were employed. Thus when horse serum or egg white was mixed with its respective antiserum and the precipitate removed by centrifugation, the supernatant liquid contained both antigen and antibody. With crystalline egg albumea the results were not the same. In these experiments he showed that both antigen and antibody never occurred together in the supernatant liquid. The fact that the presence of a third colloid failed to interfere with the interaction between antigen and antibody was demonstrated in his experiments.
The work of Opie a follows more closely the phenomena subsequent to the therapeutic administration of horse serum. From his first series of experiments it is evident that after injection of horse serum into the blood stream of rabbits, precipitin for horse serum appears in the blood before the horse serum proteins entirely disappear. This he attributes to the composite antigenic nature of the horse serum, and suggests that certain of the contained proteins give rise to antibodies much more rapidly than certain others. When similar experiments were performed with a relatively pure crystallized egg albumen the findings were different. It is clear from Opie's findings that when crystallized egg albumen is employed as antigen the corresponding antibody and uncombined egg albumen do not appear in the blood together.
Ascoli 4 had called attention to the fact that after the injection of egg white it appeared in the urine. Opie 5 also found that crystallized egg albumen appeared in the urine subsequent to injection. Therefore, if such be the case, the injection of crystallized egg albumen hardly affords a parallel to the administration of foreign blood proteins. It is well known that the administration of large amounts of horse serum for therapeutic purposes does not result in the appearance of the foreign serum proteins in the urine provided the kidney is intact. The writer has on several occasions injected 5 or 6 cc. of cow serum into the peritoneal cavity of normal rabbits but in no instance has it been possible to detect it in the urine, although its presence in the rabbit's blood serum could readily be determined.
It seemed necessary to study the behavior of crystallized egg albumen after its injection to determine whether its rapid elimination might not afford an explanation for the fact that antibody failed to appear while the antigen was still present. The experiments indicate that the behavior of egg albumen is in certain respects different from that of foreign blood proteins, so that in the second series of observations casein, an antigen which on the whole affords an analogy to the blood proteins in its general behavior, was used.
s Opie, E. L., J. Immunol., 1923 , viii, 55. 4 Ascoli, M., Mi~nch. reed. Woch., 1902 ,~xlix, 398. l Opie, E. L., J. Exp. Med., 1924 EXPEI~ IM~.NTAL.
Rabbits, 2,500 gin. in weight, were immunized with various antigens and after sera of sufficient titer were obtained they were bled and the serum stored in the refrigerator. The specific precipitin was used to test the blood serum and urine for the presence of antigen. The test rabbits were of about the same age and size. The injections were made intravenous or intraperitoneal and the animals bled at frequent intervals from the ear vein. The blood was collected in sterile test-tubes and permitted to clot in a thin layer, in the incubator, and when sufficient serum had oozed out it was collected and centrifuged. In this way a clear serum was available for the tests within 2 or 3 hours.
The naturally voided urine was collected in clean bottles. It was filtered twice through filter paper. 
The Results of the Tests for the Presence of Antigen in the Blood Serum of Rabbit 1
Injected Intra~nously with Crystallized Egg Albumen.
Time after last injection that sample was taken 18 hrs. m * Since crystallized egg albumen reacts powerfully with its antibody, the intensity of the reaction has been recorded as follows: + + +, a heavy precipitate; + +, a moderate precipitate; +, slight but definite precipitation; +, turbidity with a trace of precipitate.
The crystallized egg albumen was prepared by precipitation with ammonium sulfate after the method of Hopkins and Pinkus. 6 It was recrystallized four times. Tables I and II , and those of the urine in Table IH . It becomes apparent that Opie's contention that crystalline egg albumen and its respective precipitin are not demonstrable together in the blood is well founded. From the results obtained in this experiment there may be some doubt that the crystalLized egg albumen precipitin was really active when used to test the rabbit's serum. It, however, was capable of reacting in the animal's urine. However, the contention that crystalline egg albumen differs in its behavior from the blood proteins of a foreign species when introduced into the body is true. From the tables it is clear that the antigen rapidly disappears from the circulation, since it could not be detected 18 hours following injection. That it rapidly passes through the kidney and in relatively large quantities is also true, since it was present in high dilutions of urine (1/640 cc.) as early as 6½ hours after its injection. Its elimination is rapid, since it only ap- 
Examination of the Blood Serum of Rabbit 2 for Egg Albumen at Various
Intervals after Its Injection. peared in the urine approximately 30 hours after intravenous administration. After this time it could no longer be detected. Definite antibody appeared in the blood on the 10th day following injection. Since in the first experiment the antigen had not been detected in the circulation, it might be said that the precipitin was unable to react in the presence of an excess of colloids. To meet this objection, and as a general confirmation of the first observation, the following experiment was performed.
Experiment 2.--Rabbit 2, weighing 2,405 gin., was injected intravenously, at 9.30 a,m. with 3 cc. of 5 per cent crystalline egg albumen. An hour later it was bled and at intervals throughout the day. Urine was passed 5½ hours after the first injection. At 4.45 p.m., 3 cc. of the albumen solution was injected into the ear vein. As in the previous experiment, the blood was regularly tested for egg albumen and its antibody. The urine was also tested for antigen. Inasmuch as the experiment added little to the development of precipitin, the details will not be given. It is sufficient to state that antibody appeared in the blood on the 7th day. The results of the tests of the blood serum and urine for egg albumen are recorded in Tables IV and V. 
Examination of the Urine of Rabbit 2 for Egg Albumen after Its Intravenous
Injection. The findings in the second experiment fully confirm those of the first. The contention that crystallized egg albumen is rapidly eliminated from the circulation is well borne out. It can be readily detected in the blood during the first 3 hours following its administration, but by the end of the 4th hour it has decreased considerably. After 7 hours only a trace remains and after 18 hours it can no longer be detected. The precipitin used in the observations would react with as little as 1/700,000 gm. of the antigen. The passage of the albumen through the kidney compares in a rough way with the decline in the circulation. In both instances the urine contained the antigen in considerable concentration as early as 6 hours after its injection. Egg albumen could be demonstrated only for a period of 1 or at most 2 days in the urine. The specific antibody appeared in the blood in one instance in 7 and in the other in 10 days after the injection of the antigen.
Since crystallized egg albumen fails to meet the general requirements, the number of relatively pure proteins of general availability is somewhat limited. Bayne-Jones used with considerable success the globulin edestin. In my hands edestin proved unsatisfactory. When dissolved in sufficiently strong alkali it could not be injected with safety. If by titration one attempted to reduce the free alkali it would give a clear solution, but on the addition of small amounts of normal rabbit serum a ring would form at the point of contact between the two liquids and after mixing precipitation would occur. Its use for this reason was discontinued. Gay and Robertson s and Wells and Osborne ~ showed that purified casein is antigenic. By the repeated intraperitoneal injection of a 1 per cent solution of casein a precipitin was obtained which would in amounts of 0.1 or 0.2 cc. react with as little as 1/100,000 gin. of casein. As a rule the distinct line at the union of serum and casein occurred promptly. In the higher dilutions there is little actual precipitation but the mixed liquids promptly become turbid.
That casein, on the whole, meets the requirements of a relatively pure protein which will persist in the circulation for a considerable period is brought out in the following observations. Experiment 3.--On different occasions rabbits were injected with casein. The casein was dissolved in N/20 NaOH and sterile salt solution. The solution was injected intraperitoneaUy in 3 doses during the day. Rabbit 3 received 0.6 gin. of casein; Rabbit 4 0.5 gm.
All the voided urine was collected and tested during the next 5 days. The blood serum from both rabbits was tested at frequent intervals for casein with the anticasein serum. As a control procedure tubes of the experimental animals' sera were incubated and refrigerated. In this way an accurate comparison of turbidity was possible. The urine was twice filtered through filter paper and tested in the same manner. Control tubes of the same sample were always incubated and refrigerated. The tests for casein precipitin were carried out in the usual manner. 0.2 cc. of the rabbit's serum was added to 1 cc. of the various dilutions of the antigen. The results are given in Table VI. It is apparent that casein, like the blood proteins, remains in the circulation for considerable periods. Even as long as 12 and 13 days after its injection the serum responds weakly to the specific test. Like the serum proteins it fails to pass through the kidney in quantities sufficient to be detected. In both instances antibody was recognized in the blood serum while the casein was still in the circulation.
DISCUSSION AND S~R¥.
The experiments are of interest in several respects. It is clear that crystallized egg albumen is rapidly eliminated from the circulas Gay, F. P., and Robertson, T. B., J. Exp. Med., 1912, xvi, 470. Wells, H. G., and Osborne, T. B., J. Infect. Dis., 1921, xxix, 200. tion and in the experiments cited it could no longer be detected after 18 or 19 hours. A considerable portion of it rapidly passes through the kidney in an apparently unaltered state. Evidently this passage begins almost at once and may continue 'for a day or two. In an experiment not reported in this paper, egg albumen appeared in naturally voided urine 2 hours following its injection into the peritoneal cavity. In the experiments reported no urine was voided until 5½ and 6½ hours following intravenous administration, but in each instance egg albumen was present in considerable amounts. However, sufficient egg albumen must have been utilized to produce antibody. It is hardly to be expected that such a protein, whose ei;Tnination is so rapid, could persist unaltered within the body and reappear within the circulation coincident with its antibody. The behavior of the protein cannot be ascribed to alterations which may have taken place during the process of crystallization since Ascoli showed that the proteins of egg white readily pass from the circulation into the urine. Certain observations of the writer confirm this point. The experience of Alexander, Becke, and Holmes 1° who exposed sensitized guinea pigs to sprays of dilute egg white with the result that 80 per cent of the animals developed symptoms of anaphylaxis, further strengthens the contention that certain of the membranes are readily permeable for the proteins of egg. The conditions following the injection of casein are different. There is no appreciable passage through the kidney. Casein is present within the circulation for a considerable period; it could be detected in the blood serum 12 and 13 days after its introduction into the peritoneal cavity. Antibody appeared on the 7th and 8th days, respectively, so that both antigen and antibody were present in the serum for a period of 3 or 4 days. The phenomenon of antigen and antibody occurring together might be explained on the ground that certain proteins are utilized slowly and that the antibody found in the blood, usually after the 7th day, results from the portion of antigen first utilized. During the next few days a continual supply of antibody enters the circulation and during the period there is a steady utilization of the antigenic substance; it is possible that during 10 Alexander, H. L., Becke, W. G., and Holmes, J. A., . T. Im,n~al., 1926, xi, 175. this time there is constant union of antigen and antibody within the blood, with the slow utilization of the antigen and a slight utilization of the antibody which is made up by a slow increase from the body cells. Thus there would be a period in which considerable antigen would be present with weak antibody, succeeded by a second period when the amount of antigen would be small with well defined antibody, and finally only antibody. Certain observations tend to support such a view. Bayne-Jones injected rabbits whose serum contained precipitin from egg albumen with this substance and noted the occurrence of both antigen and antibody for a period of 48 hours. Some of his experiments in vitro are equally suggestive. In one instance a rabbit well immunized with egg albumen was injected intravenously with this substance. An hour later it was bled and the stored serum refrigerated for a period. During this time there was a slow spontaneous precipitation with a decline in both precipitin and antigen titer, but even after 6 days both were present. After a longer period only antigen remained. P.A. Lewis and D. Loomis n have shown that an injection of sheep red blood cells in guinea pigs results in a well defined hemolysin titer about the 9th day, followed by a definite decline, with a secondary rise in hemolysin until the peak is reached on the 20th day.
It becomes evident, then, that the reaction of the rabbit to a single injection of a relatively pure protein will depend on the character of the protein injected. When crystallized egg albumen is administered it is rapidly eliminated from the circulation. The rapid disappearance of the egg albumen from the blood stream is partly accounted for by its prompt elimination through the urine. Antibody appears in the serum from the 7th to the 10th day. Casein behaves differently. It persists in the blood for a considerable period; after the 7th or 8th day both antigen and antibody may be demonstrated in the blood. Casein cannot be detected in the urine following its injection into the body. The behavior of casein within the body affords an analogy with the conditions frequently noted after the administration of foreign serum, in both cases both antigen and antibody may be present in the circulation together.
n Lewis, P. A., and Loon~s, D., I. Exp. Med., 1924, xl, 503. 
